sleep quality and this is particularly proved by the decline in T levels among individuals with sleep deprivation. The paradox is that large doses of exogenous T are associated with abnormalities of sleep duration (Collomp et al., 2016) . Salivary testosterone (sT) (Clifton et al., 2016; Crewther, Obminski, Orysiak, & Al-Dujaili, 2017 ) was measured in many previous studies to predict cardiovascular disease (CVD) correlations (Miller et al., 2010) as well as mental health (Dabbs Jr, 1993) . It was concluded that circulatory androgen levels were affected by time and duration of sleep (Arnal et al., 2016) . Although the majority of authors have confirmed an inverse correlation between sleep deprivation and T (Akerstedt, Palmblad, de la Torre, Marana, & Gillberg, 1980; Axelsson, Ingre, Akerstedt, & Holmback, 2005 ; Gonzalez-Santos, GajaRodriguez, Alonso-Uriarte, Sojo-Aranda, & CortesGallegos, 1989; Luboshitzky, Shen-Orr, & Herer, 2003; Luboshitzky, Zabari, Shen-Orr, Herer, & Lavie, 2001 ), the variability of T levels in different age groups remains poorly understood (Liu, Swerdloff, & Veldhuis, 2004; McLachlan & Allan, 2004; Stellato, Feldman, Hamdy, Horton, & McKinlay, 2000) . Elevated T levels were reported in young men during partial sleep deprivation, after exercise (Abedelmalek et al., 2013) . Another study (Wittert, 2014) identified that less T was secreted by middle-aged men at night compared to healthy young men. The effect of sleep deprivation on T levels may be age dependent (Maheshwari et al., 2017; Penev, 2007) rather than independent. Accordingly, large individual differences based on age (Axelsson et al., 2005) may reflect the variability in morning T levels (Penev, 2007) . Changes of some CVD-and depression-associated predictors in sleep deprivation, such as lipid profile and serotonin, have been given more attention in recent studies (Giagulli, Guastamacchia, Licchelli, & Triggiani, 2016; Hylander & Lehtihet, 2015) . Lipid profile changes are viewed as early potential predictors for stepwise progression of pathogenesis of atherosclerosis (Killick et al., 2015; Zimberg, Fernandes Junior, Crispim, Tufik, & De Mello, 2012) . Serum serotonin predicts mood changes and psychiatric disorders including depression (Dallaspezia & Benedetti, 2015) . Association studies of sleep deprivation with lipid profile or serum serotonin were conducted in human and animal models (Giagulli et al., 2016; Hylander & Lehtihet, 2015) .
Using saliva as a biological fluid for analysis of steroid hormones, particularly androgen, in sports medicine, psychology, and stress research is increasing (Groschl, 2008) . The main reason for this vast use is the current development in enzyme-linked immunoassays, which leads to simplicity, high sensitivity and low cross-reactivity, as well as reliability (Al-Dujaili & Sharp, 2012) . sT levels represent the biologically active hormone and correlate with total blood T in healthy and clinical populations (Al-Dujaili & Sharp, 2012; Groschl, 2008; Vittek, L'Hommedieu, Gordon, Rappaport, & Louis Southren, 1985) .
The aim of the current study was to clarify the effect of sleep deprivation on sT by detecting some of the implemented potential predictors in young Arab men.
Materials and Methods

Study Design and Participants
The present work is a prospective cohort study carried out at the Applied Science Private University (ASU) in Amman, Jordan, during the period from January to April 2014. The protocol of this study was based on a chronic model of sleep deprivation (Tassi et al., 2012) according to participants' sleep behavior during the 3 months prior to the day of the study. To avoid some anticipated variations in the study sample, only Jordanian students who live in Amman city participated in the study. The participants filled out a questionnaire including anthropometric, clinical parameters, and sleep duration patterns. Healthy male nursing students in the age range of 18 to 26 years were invited to participate in this study and their samples were taken for analysis.
Healthy adults typically require 6 to 10 hr of sleep in a 24-hr day. The average need of sleep for healthy adults is around 8 hr daily (Bonnet, 2005) . Adults who get less than 5 hr of sleep will demonstrate a decline in peak alertness and for that reason are considered sleep deprived (Carskadon & Dement, 1982) . Based on this sleep duration pattern, which was confirmed through interviewing the participants and their roommates, participants were categorized into two groups, a sleep-deprived group (SD) and a non-sleep-deprived group (NSD; Figure 1 ).
Informed Consent and Health Screening
This study was performed using a protocol for the protection of human subjects approved by the ASU ethical committee under reference DRGS-2013 DRGS- /2014 . Approval for all the conducted studies was obtained from ASU's ethics committee. All participants were provided with an information sheet, which contained details of the experimental protocol. Participants fully understood the purpose of the study as well as the risks involved. Participants were informed of being free to withdraw from the investigation at any stage. All participants provided written consent prior to the commencement of the study and were asked to complete a health screen questionnaire prior to their participation in the investigation. To avoid confounding factors known to affect leptin and sT levels, participants with diagnosed chronic diseases such as CVDs, diabetes, hepatic, renal, or endocrine disorders and those who had been taking any kind of medication for the past two months prior to the study were excluded.
Salivary Testosterone
sT has been widely used as an indicator of the activity of the hypothalamic-pituitary-gonadal axis activity (Elloumi, Maso, Michaux, Robert, & Lac, 2003; Kraemer et al., 2001; Sallinen et al., 2004) . sT was collected from the participants between 8 and 9 in the morning. To collect salivary samples, participants were provided with a Salivette ® sampling device (cotton) along with both verbal and written instructions for usage. The instructions stated that participants were to collect saliva themselves. Participants were asked to drool passively through a straw into a tube, which was then kept on ice to precipitate mucins and then centrifuged (10,000 × g, 15 min, 4°C). The supernatant (1 mL) was collected and stored at -20ºC until assayed 2 weeks later. sT samples were measured using an enzyme-linked immunosorbent assay (ELISA, SLV-3013, DRG ® International, Inc., NJ, USA) at Ibn Al-Haytham Hospital laboratories in Amman, Jordan. The range of the assay is between 1.9 and 5,000 pmol/L and the limits of detection of this assay is 1.9 pmol/L at a 95% confidence limit and the normal range for sT is between 21.2 and 801.2 pmol/L.
Serum Glucose and Lipid Profile
Fasting venous blood samples were obtained, centrifuged, and stored at -20°C until being assayed. Fasting blood glucose samples were collected at 8 a.m. Blood glucose was confirmed by using One Touch® test strips (LifeScan; Johnson & Johnson, Palmitas, CA, USA).
Triglycerides, total cholesterol, and high-density lipoprotein cholesterol (HDL-C) were determined using enzymatic colorimetric kits (Linear Chemicals, Barcelona, Spain). Low-density lipoprotein cholesterol (LDL-C) was calculated from the equation recorded in a previous study (Friedewald, Levy, & Fredrickson, 1972) .
Serum Leptin and Serotonin
Fasting serum leptin and serotonin samples were liquated and stored in polypropylene vials at -20°C until being analyzed 2 weeks later at Al-Khalidi Hospital and Medical Centre Laboratories in Amman, Jordan. Commercial serotonin enzyme immunoassay (EIA) kits were obtained for quantitative determination of serum serotonin (Labor Diagnostika Nord GmbH & Co, KG, Nordhorn, Germany). Analytical sensitivity, as reported by the manufacturer, was 5 ng/mL. Leptin samples were assayed with an EIA kit (DRG Diagnostics, Marburg, Germany) with analytical sensitivity of about 1.0 ng/mL, according to the manufacturer.
Body Mass Index
On the evaluation day, height (cm) and weight (kg) of participants were recorded. Then, body mass index (BMI, kg/m 2 ) was calculated accordingly.
Statistical Analysis
Statistical analysis was performed using a statistical software package SPSS, version 19.0 for Windows (Chicago, IL, USA). T-test statistical analysis was used to compare the differences of demographic and clinical findings between the means of the two studied groups. The Pearson analysis was used to find if there was any correlation between the participants' characteristics and serum leptin levels. Stepwise multiple regressions and univariate analysis were used to evaluate the effects of independent variables (IDVs), serum lipid profile, BMI, and serotonin, on sT levels as a dependent variable (DV) in SD and NSD groups.
Results
Study Design and Participants
One hundred and twenty-two healthy male nursing students in the age range of 18 to 26 years were invited to participate in this study. Samples were taken from only 84 participants who committed to follow the study protocol as presented in Figure 1 . Seven samples were excluded due to insufficient quantity of saliva. Participants were categorized into two groups, a SD group (n = 36, 45.4%) and a NSD group (n = 41, 54.6%).
Descriptive Characteristics
As reported in Table 1 , t-test was used to study the difference in all variables between the SD and NSD groups. No significant differences were noted between the SD and NSD groups for all variables. However, the comparison identified higher levels of sT in the SD group (274.7 ± 164.8) compared with NSD group (235.8 ± 131.5) without significant difference in the mean (p > .05). The mean age for SD participants was 22.38 (±1.9) years, whereas it was 21.6 (±1.5) years for NSD participants. Values for mean BMI were higher in the NSD group compared with SD group (26.16 ±4.4 vs. 25.16 ± 4.5). The mean obesity marker, serum leptin, was higher in the NSD group (11.38 ± 9.9) versus (9.4 ± 8.7) in the SD group. These results may predict the effect of obesity on BMI differences in the two study groups.
The Univariate Analysis
Univariate analysis was used to study the association between all variables and sT. As reported in Tables 2 and  3 , there were no significant univariate associations between any of the study variables and sT in both the SD and NSD groups. 
Correlations of sT in SD Group
Stepwise Regression Analysis
Stepwise regression analysis was performed to investigate which IDVs accounted for these associations with sT changes. In the SD study group, the multiple linear regression model of HDL-C, BMI, and serum serotonin was significantly influenced by sT (R² = .955, p < .05). These predictors together explained approximately 96% of the variance in sT levels in the SD study group. No predictive variables for sT were identified in the NSD group (Table 3) . Note. BMI = body mass index; FBG = fasting blood glucose; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; NSD = non-sleep-deprived; SD = sleep-deprived; sT = salivary testosterone; TG = triglycerides.
Discussion
Most of the studies on the association of salivary or serum T with sleep deprivation were conducted on the elderly (Akerstedt et al., 1980; Axelsson et al., 2005 ; JauchChara, Schmid, Hallschmid, Oltmanns, & Schultes, 2013). Few reports are available so far on sT in healthy young or adolescent males (Clifton et al., 2016; Crewther et al., 2017) . The current results reported an increase of sT in SD men compared with an NSD group. In addition, elevated sT in SD participants was significantly positively correlated with HDL-C, BMI, and serum serotonin levels. The effects of T on lipid profile, particularly for HDL-C, are modest and variable (Canoy et al., 2014; Cassimatis, Crim, & Wenger, 2016; Md, Brinton, & Grunfeld, 2017 ). An inverse association was observed between serum lipid profile and T levels except for HDL-C (Chillaron et al., 2016; Md et al., 2017 ). The latter association was positive when adjusted for adiposity. Nevertheless, HDL-C was no longer significant (Canoy et al., 2014) . Lu et al. (2016) have noted a positive correlation between obesity-associated markers and age with elevated lipid profile parameters, except for HDL-C. This is consistent with recent studies, which have reported that low T is associated with accelerated atherosclerosis (Gosai et al., 2016) . Further, one quarter of men with coronary artery disease (CAD) were biochemically hypogonadal according to a previous study by Gosai et al. (2016) . Accordingly, a preventive potential of T during the progressive mechanisms of CVD was acknowledged (Yeap, 2015) . The variations of T predictors such as LDL and HDL in previous associated studies were mostly age dependent (Frederiksen, Hojlund, Hougaard, Brixen, & Andersen, Note. B = slope; BMI = body mass index; FBG = fasting blood glucose; HDL-C = high-density lipoprotein cholesterol; LCI = lower 95% confidence interval; UCI= upper 95% confidence interval; LDL-C = low-density lipoprotein cholesterol; MCH = mean cell hemoglobin; MCHC = mean cell hemoglobin concentration; MCV = mean cell volume; N = sample size; PCV = packed cell volume; R = Pearson linear correlation coefficient; R 2 = determinant coefficient; RBC = red blood cell; TG = triglycerides; WBC = white blood cell.
2012; Haymana et al., 2017; Maheshwari et al., 2017) . In this context, the current findings can be considered as evident during young age. Inconsistent results were identified due to therapy with high doses of T (Md et al., 2017) or due to the fact that they were case studies (Hylander & Lehtihet, 2015) .
It is well known that T is one of the anabolic hormones that mediates regulation of skeletal muscle protein balance (Rossetti, Steiner, & Gordon, 2017) and increases muscle mass (Haymana et al., 2017) . A particular problem with BMI, as an index of obesity, is that it does not differentiate between body lean mass and body fat mass, Note. B = slope; BMI = body mass index; FBG = fasting blood glucose; HDL-C = high-density lipoprotein cholesterol; LCI = lower 95% confidence interval; UCI = upper 95% confidence interval; LDL-C = low-density lipoprotein cholesterol; MCH = mean cell hemoglobin; MCHC = mean cell hemoglobin concentration; MCV = mean cell volume; N = sample size; PCV = packed cell volume; R = Pearson linear correlation coefficient; R 2 = determinant coefficient; RBC = red blood cell; sT = salivary testosterone, TG = triglycerides; WBC = white blood cell. Note. LCI = lower 95% confidence interval; UCI = upper 95% confidence interval; N = sample size; B = slope; R = Pearson linear correlation coefficient; R 2 = determinant coefficient.
whereby a person can have a high BMI but still have a very low fat mass and vice versa (Ljungvall, Gerdtham, & Lindblad, 2015; Nuttall, 2015) . For instance, Holliday, Gupta, and Vibhute (2016) considered that BMI is a reliable predictor of subcutaneous fat thickness. To evaluate this dilemma, serum levels of leptin were compared as an obesity predictor. Serum leptin levels were higher in the NSD group in comparison to the SD group. Comparable results in previous studies have reported a significant decrease in total T serum levels in obese young men compared to men with normal BMI (Jastrzebska et al., 2014) . Frederiksen et al. (2012) demonstrated similar T effects on muscle mass in aging men. These findings confirmed anabolic effects of T on muscle mass rather than obesity.
On the other hand, a few previous studies have mentioned that sleep deprivation was negatively associated with serum serotonin in older people (Roman, Hagewoud, Luiten, & Meerlo, 2006) . In young men, the results were ambiguous. Partial similarity with this study's results about the association of elevated T with serum serotonin in the SD group was observed in animal models. Although elevated serum serotonin levels were noted in sleep deprivation-induced rats (Yang, Wu, Wu, Lin, & Tsai, 2015) , luteinizing hormone (LH) secretion was inhibited. Lopez-Rodriguez, Wilson, Maidment, Poland, and Engel Jr. (2003) reported that sleep deprivation increased extracellular serotonin in the rat hippocampus. These findings suggested that decreased serum levels in SD rats may be mediated by a 5-HT-related mechanism (Wu et al., 2011) .
To our knowledge, there are no clinical reports supporting this potential mechanism. Cassimatis et al. (2016) and Gettler and Oka (2016) concluded that men with low T are at greater risk of depression or cognitive impairment functions (Giagulli et al., 2016) . This study's results indirectly confirmed these findings, where the association between sT and serum serotonin was positive in SD young men. These two factors could be independent of each other. However, decline of serum serotonin and T with advanced age (Wang et al., 2014) are well known as early predictors for depression and CVD.
Finally, there are some limitations to this study, which can be summarized in the following three points. First, the sT sample size (= number of measurements in a sample) was performed only once due to limited funding. Second, only sleep duration was obtained and no other questions detailing sleep quality were raised. Third, there was a lack of data collection of time interval between participants' waking up and sampling. However, throughout the entire study period, the authors made the necessary arrangements for participants to be present for sampling at 7 a.m.
Taken together, these observations conclude that positive correlations of sT with HDL-C and serum serotonin predict significant physiological adaptation to sleep deprivation in young men.
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